. Central corneal endothelium of two normal patients of differing ages. Cell loss due to normal ageing is seen in the lower photograph. (Reproduced from , by kind permission) Bourne et al. 1976, by kind permission) intraocular lens surgery (Figures 2, 3) , from corneal graft reaction (Figures 4, 5) , and even from closed eye trauma ( Figure 6) , and although the 'healing reserve' may be adequate to repair at the time of the trauma, problems may ensue years later.
This type of delayed corneal decompensation is seen in congenital glaucoma patients, whose corneas are stretched. Even though intraocular pressures are controlled, bullous Bourne & O'Fallon 1978, by kind permission) keratopathy becomes common approximately two decades later, often requiring corneal transplantation to restore vision (Spencer et 01. 1966) .Many years ago, corneal decompensation was commonly seen six or seven years after corneal transplantation, because the donor tissue used at the time was less satisfactory, and the smaller grafts done then provided fewer cells to heal the damaged endothelium. Recently I have observed two patients whose corneas have begun to decompensate as their endothelial cell levels decreased to between 400/mm 2 and 500/mm 2 • Hoffer (1979) has also reported patients with central endothelial cell counts of about 500/mm 2 after intraocular lens surgery whose corneas decompensated within a year or two, even though the corneas were clear preoperatively. He believes, and I agree, that most patients with this level of cell count are likely to experience corneal decompensation within a few years and develop frank corneal oedema.
In the past, the presence of cornea guttata has been used as an indication of corneal endothelial cell damage or loss. Descemet's membrane is laid down by the endothelial cells, and the inner part of Descemet's membrane may be considered to be the basement membrane of the endothelium. When some of the endothelial cells die, the activated cells that spread out and move to cover the exposed areas also produce additional Descemet's membrane.
For this reason, Descemet's membrane is produced continually throughout life as endothelial cell numbers decrease, and the thickening of this membrane occurs naturally with age. Such thickening may be either uniform, in which case it is not easily detected by the biomicroscope, or irregular, forming what we see as cornea guttata. It may even be characterized by very irregular shapes seen as polymorphous changes in Descemet's membrane.
Cornea guttata is seen after any problem that can cause endothelial damage. It occurs as a result of the deep keratitis of interstitial keratitis (as the endothelial cells are damaged), as a concomitant of macular dystrophy of the cornea (a storage disease that regularly involves the endothelial cells), and in congenital glaucoma and the Chandler essential iris atrophy syndrome (in which the endothelium spreads over the surface of the iris). Cornea guttata is far more common in eyes that have been operated on than in fellow eyes. In general, the incidence of cornea guttata increases with age (Kaufman et al. 1966) .
Although the presence of cornea guttata indicates loss of endothelial cells and attempts at repair, the absence of such visible changes does not necessarily exclude the possibility of Joss or damage to the endothelium. The irregularity of cornea guttata is easily seen at the slit lamp, but uniform changes in the thickness of Descemet's membrane cannot be seen, and the endothelial activity indicated by such changes is, therefore, undetectable.
At this time, we still have much to learn about the relationship between the thickness of Descemet's membrane and endothelial function, and the effect of endothelial pleomorphism on the maintenance of endothelial integrity, but at least we have made a start on the explanation of one of the causes of corneal oedema.
Intraocular lens surgery
Although basic research is of great importance, it is a real joy to a clinician doing research to find some practical use for the information he generates. The development of the specular microscope, and the resulting knowledge of the effect of trauma on the corneal endothelium, have proven immediately applicable in the field of intraocular lens surgery.
Endothelial damage during surgery
In most reported series of intraocular lens implantations, even those followed for only a brief period, the incidence of corneal oedema, though not high, was several times that which had been reported in most series of standard cataract extractions. After helping to develop Maurice's specular microscope into a clinically useful instrument, we were horrified to see that many of our intraocular-lens-implanted patients had suffered extreme endothelial cell loss from surgical trauma (Bourne & Kaufman 1976 b) . During this type of surgery, I had left the anterior chamber very flat briefly, while I put in a running nylon suture. The general opinion at the time, which I shared, was that temporary touch between the endothelium and the lens would be of little importance as long as the chamber was ultimately formed and remained deep.
To confirm these findings, we examined a further series done by Jaffe (Forstot et al. 1977) and found that again cell loss from normal cataract extraction was approximately 8%, but cell loss from intraocular lens insertion was much greater. Furthermore, this latter cell loss seemed to be independent of the type of iris clip lens used and did not appear to worsen with increased intraocular lens 'wearing' time after surgery. Additional studies showed similar results, prompting us to look into the effects of touching the endothelial cells with the intraocular lens during surgery . We found that moving a human lens across the endothelial cells left a normal 'paving stone' pattern. However, contact between the endothelium and an artificial, methylmethacrylate intraocular lens resulted in adhesion of the cell membranes to the lens, and a tearing of the cells as. the lensand cellswereseparated. Bare nuclei werevisible in what remained of the endothelialtissue, and piecesof cellmembranecouldbe seen attached to the lens . In lensesremoved from a human eye with corneal oedema, Sugar & Burnett (1978) have shown that there may even be whole sheets of endothelium growing on the intraocular lens surface. Also, Sugar et al. (1978) have demonstrated a direct correlation between the amount of touch and the amount of endothelialcell loss.
Prevention ofendothelial damage during surgery
To prevent endothelial damage during intraocular lens insertion, the first step is to avoid contact between the lens and the endothelium -even momentary contact (Katz et al.1977 , Bourneet al. 1979 ) (see Table l ). Another approach has been to interposea substancelesshostileto endothelialcellsbetween the artificial lens and the tissue. We tried coveringthe intraocular lens with a Polymacon soft contact lensduring surgery and alsousedseveralhydrophilicsubstances, such as polyvinyl pyrrolidone and methylcellulose, to bind a boundary layerof water between the lens surface and the endothelium, and so prevent friction between the two. The reduction of cell loss has been confirmed in animals by Waltman's group (Kirk et al. 1977 ) and by Peyman & Zweig (1979) , who used mucuson the lens surface, as wellas by Levyet al. (1980) , who placed a piece of soft contact lens material (hydroxyethylmethacrylate) between the lens and the endothelium in animal eyes. Miller& Stegmann(1980) showedthat a hyaluronic acid coating on the lens reduces endothelial damage during intraocular lens surgery in man. Recently, the Heyer-Schulte Company, who manufacture intraocular lenses in the United States, have developed a polyvinyl alcohol coating which has been very successful in preventing endothelial damage during surgery in cats, and is now being tested in humans (Knight & Link 1979) .
In this fashion we have used an instrument originally devised for basic research to definea clinical problem and to assess the benefits of the various preventive approaches. Both modification of surgical technique and modification of the lens material by coating have proven beneficial in the prevention of endothelial damage and the resultant corneal oedema. Another avenue of approach may be the modification of the endothelialcellsthemselves.
For the future? As we have noted above, in man the corneal endothelial cells do not divide and, therefore, cannot replace themselves. On the other hand, in many loweranimals these cellsdo have this ability. Furthermore, in tissueculture, even human endothelialcellscan divide. From this we concludethat there is nothing intrinsic to the cells that prevents division, but that there may be some inhibition or lossof ability peculiar to their location within the eye. In our laboratory, we are workingon the identification of a possible growth factor that may stimulate the cellsto divide within the eye. Fabricant et al. (1980) have shown that there are receptors on cat and human endothelial cells for epidermal growth factor, which is purified from mouse salivary .gland. This factor stimulates the division of endothelial cells in tissue culture, and has been found to be active in all tissues on which such receptors are found.
I cannot at present say that we have reached a stage in this area of research which will permit us to complete a surgical procedure, add a little growth factor to our final irrigation, and know that any endothelial injury will be repaired, but I honestly believe that this day will soon arrive.
